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(57) Abrege/Abstract: 

The invention relates to antimicrobial polymers which can be obtained by copolymerizing vinyl ethers of general formula (I), 
especially 3-aminopropyl vinyl ethers, with additional aliphatically unsaturated monomers, and to a method for the production 
thereof. The polymers can also be produced by graft copolymerizing a substrate, whereby a covalently bound coating is 
obtained on the surface of the substrate. The antimicrobial polymers can be used as a microbicide coating, among other things, 
on hygiene articles or in the field of medicine, as well as in paints or protective paint coatings. 
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Abstract 

The invention relates to antimicrobial polymers which can be obtained by copolymerizing vinyl 
ethers of general formula (I), especially 3-aminopropyl vinyl ethers, with additional aliphatically 

unsaturated monomers, and to a method for the production thereof. The polymers can also be 
produced by graft copolymerizing a substrate, whereby a covalently bound coating is obtained on 
the surface of the substrate. The antimicrobial polymers can be used as a microbicide coating, 
among other things, on hygiene articles or in the field of medicine, as well as in paints or 

protective paint coatings. 
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1. An antimicrobial copolymer, obtaiudjjle by J 
copolymer! zing d vinyl ether or the j general I 
5 formula \ 
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H,C=C 
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/ 



X 



I 

! 



Whf-re 



is 



branched 



or 



Unix 



hydrocarbon radical having trom j 1 to 5 



na rbon atoms , and 

R 2 is H, and ! 
* 3 is H or a branched or unlpranched 
hyCUucarbon radical having from 1 1 to 5 
carbon atoms, j 

1 

with at least ono aliphafcilcally unsaturated 
monomer, 

i 
i 

2. An <*ntxmicrobial polymer as claimed in claim 1, 
wherein j 

the vinyl ether used comprises 3-ominopropyp. vinyl 
w Lluir . i 

i 

j 

3. Aw antimicrobial pnlymer as claimed in cla|m 1 or 

wheieiu j 

tho aliphatioally unaaturatod monomerk are 

methacryllc acid compounds. I 



4. An i^ntimicrobidl polymer as claimed 1n cla^ 



[m 1 or 



3 



I 



is 

if 

1 

3 

-f 



2, 



la 



i ' .1? 
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where.1 n ! 

the QlipbatiCdlly unsaturated monomers ar^ acrylic 
acid compounds . 



5. 
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15 



20 



25 



An antimicrobial polymer ao claimed in cljilai 1 or 
2, \ 



wherein 

the aliphatically 



unsaturated : monomers us«d are 



butyl 
methyl 
tert- 



iiielhyl methacryl *te, ethyl methacrylatc 
methacrylate, tert-buLyl methacrylate, 
acrylate, ethyl acrylate, butyl acrylato 
butyl acrylate, ter L -butyl amino ethyl j esters, 
2-ciiethylaminoethyl methacrylate, . 2 diethyl - 

aminocthyl vinyl ether, i N-3— dimethyl ami no- 
pro pylmeth* cry 1 amide, 3-mothacryloylemin<j>propyl«- 
• trittiothylammonium chlprlde, j 7- 

methacryioyloxy«t-hy1 trimethyl ammonium chloiridc 
2-mathacryloyloxyethyltriiueLhylaimmoni\atti i 
met..io«ulfate, ! 



or 



Aii cujLlioicrobial 
claims 1 to 5, 
wherein 

the copolymer ization 
substrate. 



polymftr as claimed in any] one of" 



is 



carried uut I on 



7. An emtimiujLoblal coating ol a substrata, 
wherein 

vinyl ethers u£ the general formula 
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wlwre r 1 is a branched or u*ibranch«d 

hydrocarbon radical having Crom 1 to ^ carbon s 
atoms, and | 
R* and R J arc II or a Lxauerlied or uribrannhttrt J 
hydrocarbon radical having fxiom 1 to 4 carbon "i 



^toms, where 
diJ:fereiiL, 



R 



and 



iudy 



be 



identjl 



cal 



or 



are.- copolymer! zed in gratt p<r>l ymerizatiqn of a 
sut-Af-rate. ■ 



An antimicrobial coating aa claimed in cletiioi 7, 
wherein ■ i 

the substrate ie activated prior Lu Lh^ grart 
polymerization by XJV radiation/ plasma treatment/ 
corona treatment/ flame treatment, ozonization, 
electrical discharge or y-rari1 at-H on . j 

j 

An .antimicrobial coating as- claimed in claiyi 7, 
wherein I 
tho oubotrate is activated, prior to f h«j» graft 
polvraerization, by uv racjiation wfth a 
pho::oinitiator. . 

A procooo for preparixiq antimicrobial cbpoJ ynruars, 
which compri ses 
copclymerizing a vinyl ether ! or the n«n*ral 
furir.ula \ 



H a C=C 
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R 1 is • a branched or uj^bx dxiched 

hydrocarbon radical having rroni 1 to 5 

carbon at cons , j 

R* is II, and i 

R 3 is K or a branched . or uxibranched 

hydrocarbon radical having tromj 1 to 5 

carbon atoms, \ 
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13. 



14. 



with c±L 
monomer. 



least one . n 1 iphatically 



unsaturated 



ThP process as claimed in claim 10, 
wherein j 

thP vinyl other used comprises 3-cualnoprop^l vinyi 
ether. ! ^ ^ 



The process as claimed in claim 10 or 11, 
wherein 

the aliphatically unsaturated monomerfs are 
metJiacryl ie acid compounds . 

The process as claimed in claim 10 or 11, 
wherein 

Lhe aliphatic*! ly unsaturatod monomers are [acrylic 
acirt compounds . 

The process as claimed in cJaim lu or 11 , 
wherein 

tho aliphatically unsaturated monomers usjed are 
melhyl methacrylate, ethyl methacrylate, ! butyl 



methacrylate, ter L-buLyl 
acxylate, ethyl acrylate, 



methacrylate, ! methyl 



butyl 



acrylate, j tert- 
buryl acrylatc, tert-hvtylaminoethyl esters, 
2 -diethylaminoethyl ntRthacrylatej, 2-diethyiamino- 
ethy I vinyl ether, N-3-diiuethylamlno#ropy I - 
mcthacrylamide, ^methacryloylaminopropyltri- 
•meth/lamiaonium chloride, i 2- 

methacry loyloxyethy.1 tri methylammonium chloride 



or 



it 
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2-aethacryl oyloxyethyltrimcthyl'ammonium 
meLhosulfate. 



lb. The process aa claimed in 

14.- 

wherein 

the e:upolvmerizatinn is 
sxtbstrate. 



20 



25 



carried out 



on 



A process for prepaiiny an antlmicrobxa I coating 
of a substrate, 
which comprised ! 
copolymerizing vinyl ethers of the general {formula 



c 

\ 



where 



R 1 Is a 
hydrocarbon 



branched! or 
radical having 
carbon atoms, and 
R* and R^ are II oi: 
unbi cinched hydrocarbon 



unb ranched 



from 



l zo t> 



from 1 to 5 



a branched or 
radical i having 



carbon atoms , 
may be identical or different. 



whuie R*j and R* 



in graft polymerization at a substrate. 



any one of claips in to ? \\ 



a 

•it 



i\ 
1 



IS 



l 
1 



17 



30 



Th« process as claiiuad in claim ib, j 
wherein : j 

the substrate is activdLed prior to the' graft 
polymeria* Lion by T.TV radiation, 'plasma tredtiueuL, 
corona treatment,, fiame treatment, ozoni Ration, 
electrical discnargp or y-*adiation. 
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• • i 
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Tha procoflss as claJcued In claJm i f», 
wherein 

tho substrate is cultivated tfrior to 
polymerization by UV radiation 
photoinitiator . 
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tl^e graft 

ijriLh . a 



The- use of the antimicrobial polymers as 
in any of claims 1 1-o 9 for producing 



_ products 

with an antimicrobial uu'allnq or the poJym^r. 



in duy one or claims 1 to 9 for" producing 
1fpms .with an antimicrubial : coating 
polymer. 

The use of the antimicrobial polymers ae 
in any on© of claims 1 to 9 fo£ producing 
items with an antimicrobial coating 
polymer. 



medical 
!of the 



ol aimed 
hygienw 
t>f the 



The use of the antimicrobial polymers as jclalmed 
in any one of claims i to H in surface coja tings. 



protective paints or other coatirigs . 
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The use of tho antimicrobial polymers as! claimed '> \l 

in riiiu r\rta r>-f n I -a <T«n i rt -e- _ _ " j . I . . _ !. ir 
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Copolvmarw of aminopjropyl vinyl etheor 

The i i-'vention rolatco to antiiuiuxublal 'polymers 
obtained by copolymerizing ami nof unctionalized vinyl 
ethers with other monomers . The i uvention \ rurth&r 
relates to 4 process for preparing : these antimicrobial 
polymer?;, and to their uso. 

The invention fxirther relates to antimicrobial (polymers 
obtainec. by a qrart copolymer! zat ion nf 
aminoturctl Dualized vinyl ethers with other monomers on 
a substrate, and also to a process for the preparation 
of the graft copolymers, and to their use, 

i 

It is highly undesirable for bacteria to j become 
established ur Lo spread on the surfaces of pipelines, 
contalnprs or packaging. Frequently, slimo laycro form 
end permit shdip rises in microbial populations, and 
these can Je*ri to persistent impairmonl: of the ! quality 
of water, drinks or foods, and even Lu apuilag^ of the 
product and harm to the health of consumers. ; 

! 
» 

i 

Hacr.flria mxist be kept away from all areas of jlife in 
which hygiene is impuiLanL. This afXecLts LexLlies fO- 
direct body contact, especially in ; the genital area r 
and for the care of the elderly «*nd sick. Bacteria must 
also be kept away from surfaces of furniture and 
inetrumontc in wards, especially in areas for intensive 
care and neonatal care, 1n ho.sp-i t* 1 .s, especially in 
areas for medical interventions, and : in isolation wardLs 

for critical cases or infection, and in t-m^ets. 

i 

A gunwu method of treating equipment, or the qurtace* 
of furniture or textiles, to resist bacteria, : either 
when Lhl^s becomes necessary or else vas a precautionary 
measure, is to use chemicals or solutions or irjixtures 
of these which as disinfectants have tairiy broad and 
general antimicrobial action. Chemical agents, ^f this 
type act nonspeclflcally and are frequently thetaselves 
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toxic or irritant, or form degradation products which 
aro hazardous to health. In addition , people frequently 
exhibit intolerance to thcac materials once l|iey have 
bo come sensitized. 

5 

.Another method to counteract surtacrt spread of ibacteria 
is Co .i nnorporate substances with antimicrobial action 
into a matrix* 

10 tort-Bui ylaminoethyl mtsLhacrylate is a r.onmiRrr:i a l.iy 
available monrwrier in methacrylate chemistry ondj is used 
in particular as a liydr uphllie constituent in 
copolymer! zat1 nns . For example* EP-B 0; 290 676 

describes the use ujC various : pol yacryiatjes and 
15 pblymethacry I afj?s as a matrix for immobilizing 
bactericidal qua ternary ammonium compounds. ! 



i 



35 



In another technical sector US-A 4 332 2 69 discloses a 
terpo I ynie*r of butyl methacryl : ate # tributyltin 
20 methacrylate and tert-buLyl<*minuedhyl mebhairvlate- 
This polymer i« used as an antimicrobial paint for 
shipo: the hydrophilic tet t-buLylc±iu4-uoeLhy.l 

merhacrylate promotes gradna I nrnsion of the polymer, 
thus liberating the highly toxic triljiutyl Liu 
25 methacrylate as ant.1 microbial agent. , 

| 

in these applications th« ropolynifir prepared usinrj 
aminomethacrylatco is merely a matrix or (carrier 
substance for added ml r.rohl d.rial ag«nl-is whlich. can 
30 diffuse or migrate out of the carrier substance,; Sooner 
or ldUix., polymers of this typ« lo.s«; rhi»ir 
j effectiveness onco the ^minfimal inhibitory 

concentration" (MIC) is no longer achieved ion the 



surface- | 

European Patent Applications 0 862 §58 and 0 ;862 8S9 
have disclosed that homo- and copolymers olj tert- 
butyl ami noethyl methacrylate, a methacrylate having a 
secondary amino function, have inherent microbicidal * 
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1 properties- To avoid undeairaible resisLcmuc phenomena 

in the microbes, particularly bearing in ajiind the 
development of resistance by bacteria kxjiuiwn rrom 
antibiotics research/ systems developed 1n the future 
i 5 will also h/ive to be based on novel compositions with 

! improved ef fectiveness . i 

US 2 980 634 discloses antimicrobial; poJymer.s based on 
vinyl cthera and having a tertiary amino f junction. 

i 10 Thooc polymers may be quaLernized before nfr attor 

■ polymerization. 

" i r 

The Object of the present invention is thordforc to 

develop novel polymers h^vliiy antimicrobial j actioa ] 

15 which prevent: the establishment and; spread of bacteria ? 

on surfaces. j : 

i ' . i • - 

Surprisingly/ it has now Lw^u. fuiuid LUtiL copolymer! zing 
am1nnfimrhionali2ed vinyl ethers with aliph^tically < 
20 unsaturated monomers cmd, j. eapegLively, crraft L 

copolymer^ zafi nn of these components on a substrate j; 
gives j'Olymers with a surface **liiuh is [durably 

I microbicidal, resists solvent* and physical Stresses 

and dooo not exhibit migration. This means thajt there 
2 5 is no nesd for other biocides to be used. j 

; ! -. 

3 -Ami nop ropy 1 vinyl ether is a commercially available < 
product whose preparation con be found, for- example, in r 

! the European Fatenr Application 0 hl4 710. Tl; ijs used r [ 

30 inter alia, as an additive for photoresist systems, 

\ described, lor example, in as 5648194, or- an anielpnient • 

in the structure of adhesion promoters in specific \ 
urethane-sildueb, described, for example, in * 
TTS H3H4342. The use of compounds of this tiype in 

j 35 antimicrobial polymers is not fcnown. | 

j r 

; The. present invention therefore provides antimicrobial ; 

copolymers which are obtained by copdlymorizing ja vinyl $ 
j ether of the general luxniula 

i : i 
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where R 1 is a branched nr nnbranchod hydjrooarbon 
radical having from 1 to 5 carbon aLuiuy,j 
R 2 is H, and • 
R 3 is H or a branched or unbranched hydiocaJtbuEi 
idUlcal having from i to b carbon at-nm«,j 

i 

i 

10 with at leas I one allphatically unsaturated monopi«r. 

i 

The proportion u£ vinyl ethers in trie reaction jml xrure 
should i:e from 5 to 98 molfc, preferably from 3|0 to 90 
raolft, particularly preferably from 50 to 98 mol4, based 
15 on the total of the monomcro, in order to; obtain 
sufficient anLimicroblal action from Che polymer}. 

i 
l 

The aliphatically unsaturated monomers used may- be any 
monomers which enter into copolymetrization with the 

20 vinyl ethers of the yeiitsxal formula. Examples of 
suitable monomers are acrylates or methacrylatejs, such 
as acrylic acid, tert-butyl methacrylate or I lautliyl 
methacrylatR, slyrene, vinyl chloride, vinyl jethors, 
acrylomides/ acrylonitriles, olefins (elihylene, 

25 propyl ftTic*, hntyleno or isobutylono) allyl conjpounds, 
vinyl kotones, vinyl acetic: acid, i vinyl acetate or 
vinyl e3ters> in parti rular, -For. example, j methyl 
methacry..atc/ ethyl methacrylate/ butyl methaqiyldLe, 
LeiL-buL/1 metrhacrylare, methyl . ar.rylat*, ; ethyl 

30 acrylate, butyl acrylatc ; tcrt-buty'l aerylatej tert- 
butylamiuueUiyi esters, ^-diethylamllnn«thyl 

mftthanrylato, 2 -diethyl amino o thy 1 , \ vinyl i ether, 

N 3 diethylaminupiopylmethacrylamlde, ! 3-metha dr yioyl- 



I 
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if 
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r f 
it 
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aminopr ->pyl trimethylammonium chloride/ . 2-iucth4cryloyl- ■ 
oxycthyltrimethylaiumonium chloride . or 2-moth4cryloyl- • 
oxyethy.ltrjm^thylaxnmoiiium mcthooulfa'lie . i J 



10 



15 



The aliphatic* l l.y unsaturated monomers are pxjelerably 
acrylic acid compounds ui methacryiic acid crjmpmmdfl, 
and Lh<» vinyl ethers of the general forinjula are 
preferably 3-aminopropyl vinyl ether- | 

The nov<*l antimicrobial copolymers inay be obtained hy 
copolymerizing vinyl others of the general formula, in 
particuJ ar 3-aminopropyl vinyl «Lhers with one j or more 
alipharlcalJy unsaturated monomers- The polymerization 
io uocfully a free- radical polymerization using -a free- 
radical initiator or induced by radiation, | Typical 
procedures are described in Lhe examples . 



The nov<»l antimicrobial copolymers m^y also be ybLalued 
by copolymerizing vinyl ethers of the general formula, 
20 in particular 3-aminopropyl vinyl ether with a|t least 
one aliPhaticalJ y unsatn rated monomer on a substrate. 
■ Thio gives a physisorbed coating of 1 the antiiuluroblcLl 

copolymer oh the substrate. : j 

» 

; j 

25 Suitable substrate materials are especially anyj of the 
polymeric plaeticc, ouch as polyurethanes, pol^amidea f 
pulyeslecs or polyethers, polyethjer block ; amides, 
polystyrene, polyvinyl chloride, poiycarbonatooj, poly- 
oryanufciiluAaxies, polyolefins, polysij.1 tones, 

3f> polyisoprene, polychloroprono, polytctraf luoroqthylene 

(PTFE) of corresponding copolymers dr blends, pT el«f» 

. * i 

naturally occurring or oynthotic .rubbers, with or 
without radiation-sensitive groups. The novel [process 
may also be used on the surfaces of objecto mujde from 
35 metal, from glass ux. Iruiu wood and' surTace-co^ted or 
otherwise coated with plastic. 
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In another wnbodiment of th« present invention the ; 
copolymers uu±y be prepared by * graft polymerisation of i 
ihst-ate with vinyl ethers of the general rojnmila [ 



Silk 



H 



H 2 C=C jT ! i 



V 



s. 



i 

where R A io a branched or unbundled hydrocarbon 
radical having trnm 1 to 5 carbon atoms, and, 
R* and R u arc H or a branched or unbranched 
10 hydrocarbon radical having trom 1 ro 5} carbon 

atoms, whore R z and R 3 may be identical or 
dif fexwxiL, 

: ! 

i 

in particular with 3-aminopropyl vir^yl ether, and with 
15 at loasc one aliphatically unsaturated monomer. The 
graXLiny uf the substrate allows covalent linking of 
the antimicrobial copolymer to 1 tho oulyotratc* 
Substrates which may be used are any pQlymeric 
material, such as the plastics mentioned above. | 

! 20 ■ ! ! 

! Prior t.r. the graft copolymerization;, th« surfaces of 

! the substrate may be activated by a variety u£ methods. 

Any wlamiard method for activating polymer surfajces may 
' be used here, for example Lite -biibbLrale may be 

• 25 activatRd prior to the graft, polymorixation ! by UV 
i radiation, plasma treatment, uuruuo! treatment,! flame 

treatment, ozon.1 zation, electrical discharjge or 
y-radiatoon. The surfaces are usefully freed in [advance 
j In a known manner trnm Ml*, -Fats or! other 

j 30 contamination, using a solvent- j 

i • ! 

The subscrates may bo activated usixig UV radiation ir. 
the wavelength range rrom 170 rn 4U» mn, prejferably 
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I 



from 17U to ?50 ma. An example of a suitable radiation 
source is a ttoblellght UV exciifmr apparatus from 
HERAELS, Hfltiau, Germany . However, mercury vapbr lamps 
aro aloo ouitablw for substrate activation asj long as 
they emit substantial proportions of radi«±LioA in the 
abovomcntioned ranyes. The exposure time is generally 
from 0.1 seconds to 20 minutes, .preferably: from 1 
second to 10 minutes. ! 



B 
: ! 

*. n 

ii 

N 

\i 
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15 



25 



30 



35 



The activation of the substrata wlUi! UV radiatibn prior 
to the jratt polymerization may also be done tjising an 



additional 



photoseuslLlzer . 



For 



this,! 



thfl 



photo$i«nsH ti2or f such as bonis ophencine, is applied to 
the substrate surface and irradiated, a mercury vapor 
lamp may again be used here, with! exposure tiimca of 
from 0.1 second to 20 minutes, preferably from i second 
to 10 minutes. j 

i 

i i 

According to the invention, the activation may jalso be 
20 . achieved by plasma treatment using an RF or luictuwava 
plasma (hexagon,, Technics Plasma, ; 8 5551 Kiichheim, 
Germany) in air, nitrogen or argon atiuuwpher . The 
exposure times are gen^r^lly f rom . 7 secondsj to 30 
ninutco, preferably from 5 seconds to 10 miuuljes. The 
energy supplied in. the nasft . nf laboratory devjices is 
from 100 to 500 W, preferably from 20:0 to 300 W. 

\ 

Corona devices {SOFTAL, Hamburg, Germany; may also be 
used for activation. The exposure times in fchjin nane 
are generally from 1 to 10 minutes, preferably, from 1 
to 60 seconds. 



Activation by electrical discharge, , electron beam or 
y-radlation (e.g. from a cobalt 60 -source}/ a4id also 
oconizatc-on, allows short exposure: times, generally 
Irom 0.1 to 60 seconds. | 



• | j 
! 

Substrata surfanfts may also bo aotivated by{ flame 
treatment. Suitable devices, in varLxjuular those! with a 
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barrier flame front, can readily be constructed or, for \ 

example, purchased from ARCUTEC, 71297 Jfonsheim, : 

Germany- They may bo oporatcd using hydruuaf JDons or : 

hydrogon as combustion gas. in all cases} it is ; 

5 necessary rn avoid damage to the subsLtate by : 
overheating, and tills can readily ; b« msurodj if the 

surface of th« substrate facing away from tljie ridiue \ 

treatment side is in intimate contact with 4 cooled \ 

metal surface. Activation by flamo treati[ient is } 

10 therefore restricted to relatively thin, shipftr-like • 
5Ubsrral.es. The exposure times are igenoraliy from 0.1 
second r.o 1 minute, preferably from 0.5 to 2 peconds. 
The flames ar<? exclusively nonluminouc/ and the 

distances between the substrata surfaces and the outer » 

15 side ol thfi -Flame front are from 0.2 t<b 5 cm, i 

preferably from 0.5 Lo 2 cm. ? 

The eubetratc surfaces activated in Lliis way are coated r 
by known methods, such as dippling, spraying or [ 
20 spreading, with vinyl ethers of the general j formula ■ 
(component 1), in parfinilar with 3-aminopropy|l vinyl 
ether, and with one or more aliphatically unsaturated I 
monomers . (component II), in snlution if desired- 
Solvents which have proven useful are watjer and ? 
25 water/ et.ianol mixtures, hnt nth^r solvents may [also be ? 
used ao long as they are sufficiently uap4ble ojT j 
dissolving the monomers and g1v* cjriod w«t-tingjof the 
substrata surfaces. Solutions with mfonomer contjents of 
fruiu 1 to 10% by weight, tor exsimple about! 5* by 
30 weight, have proven successful in practice and \ 
generally give, in & single pass, j coherent cjoatlng* ] 
which cover the substrato surface anid have thiajknesses \ 
which can be more Lhan 0.1 Mm. f f 



35 The graft copolymerlzation of the monomers applied to h 
the activated surfaces may usefully be initiated by . 

radiation ' in the short-wave segment of the [visible > 

range or in th« long-wave segment o£ the UV rfengc of « 

electromagnetic radiation. Fur example, the rajdiation I 
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from a T7V excimor of wavelengths from 250 toj 500 run, 
prefers sly from 290 to 32 U nm, is very suitable. 
Mercury vapor lamps aro also auitalile here asj long as 
they have substantial proportions of radiation in the 
5 abovfimflntipned ranges. The exposure times are Generally 
from 10 seconds Lo 30 minutes, prp-Fe-rably from! 2 to 15 
minutes. 

i 

A graft copolymerizabion of the novel cjomonomex ! 
10 compounder can also bt- achieved by a pronftss rl)pscribed 
in tturcipAAn Patent Application 0. 872: 512 and babied on a 
graft polymerization ol monomer molecules and initiator E 
molAC.ii I ps incorporated by swelling. The monomer used 
for the swelliiiy may be component n. I ; 

S u 

i ; 

Even without yrafting onto a substrate surtajee*, the 

novel antimicrobial copolymers of vinyl cthcroj of the f 

general formula (uumpuueiiL I), 'in particular .3- \ 
aminopropyl vinyl ether with at least, one aliph&tically 

20 unsaturated monomer (coiupuxxtsaL II) show microbicidal or > 
antimicrohl Al behaviour. Another embodiment jof tha 

prcocnt invention consisLs in carrying okit the ? 

copolymecization of components T and II on a subjstrate. . 

: • ! I 

25 The components may be in solution when applied; to tha 

substrata. Examples uE suitable solvents are! water, > 
ethanol, methanol , methyl ethyl ketone, diethyl ether, 
dioxano, hoxanc, heptane, benzene, toluene? chlQrof uxiti, : 
dlchloromethane, tet.rahydrofnran and acetonitrj-lo - It \ 
30 is also possible to use component II as solvent for 

COlUpUiltUI - I . * 

j 

The novtl anLimicroblal copolymers ! may also Jpe us«rt f 
directly, i.e. not by polymerizing the components on a l 
35 substi-ciLti buL as an antimicrobial \ coating. sjuitable i 
coating methods are application of ;the copolymers in 
solution or ds'.a melt, , 



i 
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ThP solution of the novel polymers may be applied ho 
the substrates by dipping, spraying or painting/ for 
example. j 

i 

5 i f the novel polymers are used 1 directly 

substrate surface without grafting/ conventional free 
rarliral initiators may be added. 

Example; of initiators which . may' be used j in Lhe 
10 preparation of llie novel copolymers flr« r inter alia, 
aznni tr? les, alkyl peroxides, hydroperoxide^ cujyl 
peroxides^ peruxuketones , peresters 4 peroxona r"hrma tes, 
pprovodiaulfate, pereulfatc and any of th^ usual 
photo initia lux s, such as acer.ophRnnnp.<j, cc- 

Ih hydroxyVetongs, dime thy lkc tain ond benzophenone . The 
polymer J saLlon may also be initiated thermal lyl or, as 
already stated, by electromagnetic radiation, -such as 
UV light or y-i-ddlaLion. I 

j 

2 0 The novel antimicrobial polymers may also be jused as 
romponents for formulating inks, painto orj other 
surface coatings. . 

Use of the modified polymer subsLxdUts j 
25 The present invention also provides the use \ of the 
novel antimicrobial polymers Lo produce antimicifobially 
antlvft products, and the products jper so which are 
produced in this way. The piuducLa may comprise [polymer 
RHhAtratnR modified accordinq to ;the invention or 
30 conoiat of these. Products of this Lype die px.tj lex-ably 
based oxi polyamlrles, poiyurethanos; polyetheaf block 
amidoo, polycoteramides or -imides, ; PVC, polycjlef ina, 
silicones, polysiloxanes, polymetha-crylate orj poly- 
terephthalatoo which are surface-modified usinij novel 

35 polymers. ! 

i 

j 

Examples of antlmicrobially active ; prndnr.r* of this 
i type axe in particular machine parts £o£ food 

processing, components in a1 r-r.nncli tioni'ng sjystems. 
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i terns for bathroom ond 



toilet use,! kitchen 



itemo, components or sanitary equipment, compcjnents of 
caaes or housns for animals/ recreational proojucLs for 
children, components uf waLer systems, tood packaging, 
— units (1-oucli pan«ls) of devices, andi conLacL 



opeidLu 
lenses » 



Tho novol copolymers or qraf t copolymers may j h«? used 
anywhere where importance is placed on surfaces with 
10 release properties or sui faces which! are Very ttrw from 
bacterid, i.ft. tnlcrobicidal. Examplob of application of 

are in 
and 



copolymers ui graft ' polymers 



the novel 

particular surface coatings, protective paijito 
other ccatingo in the following sectors: j 



15 



20 



25 



30 



36 



Marine: Boat hulls, docks, I buoys* drilling 
platforms, halTast water tanks 

Conotruction: Roofing, b<*:seweuLfci , walls, facades, 
greenhouses, sun protection, gafrdon fencing, wood 
protection ! 
Sanitary: Public conveniences, : bathrooms, ! shower 
curtoino, toilet items, swimming pool, j sauna/ 
lointing, sealing compounds j 
Requisites for daily life; Machines, 
kitchen items, sponge pads 
for children, food packaging, : milk processing, 
drinking water systems, cosmetics j 
Machine parte i Air-conditioning systemsj, ion 
exchangers, process water, soIhi — pnwpred ; units, 
ilea; exchangers, bioreactors, meinbranes | 



kitchen, 
rectreationai prnrlnntn 



! 7 rTisps, 



rH apers. 



Medical technology: contact 
membranes, implants 

Consumer articles: Automobile . seats, Clothing 
(so-:ks, sports clothing) , hospital equipment, door 
handles, telephone haxidseLs, public conveyances, 

registers , wall-jto-wall 



anlnal 



cagfts s 



cash 



carpets, wallpapers. 
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10 into contact with a lax ye number of people, jsiich as 



order to 



dried in vacuo for 7 & hours at 50 °C, 



• it 



The present invention also provides* fur the usie ot thn i i\ 



novel polymer substrates, whan* surfaces have boen ? 'A 
modified using novel polymers or pi-ucessjes, Tor \ j| 
producing hygiene products or 1 f.Ains in | medical = \\ 
technology. That which has been said above ucjncernlng 5 || 
preferred materials applies correspondingly, juivamples 
uf liyg.1ene prodnnr.s of this type: arc toothbrushes, 
toilet scats, combs and packaging materials, fhe tezm 
hygiene item also includes other objpeto which may come ) 1} 



telephoi.fi handsets, stair rails, door handles,' window ) \[ 



catches, and grab straps and grab ! handles Lt\ public • ?| 

convayarr.flfi. Examples of items in imcdical technology \ jh 

arc catheters, tubiuy, pro Lec Live or nacKing films and . j ji 

15 also surgical instruments. ' j \l 



describe * jjj 



The following examples are given in; 

the procjont invention in greater d«L«iil, but fare not « i£ 

intended to limit its scope as set out in the patent : h5 

claims. ; i! if 

• i s 



6 g of 3-aminopropyl vinyl «t.h«r (AlHrlch) f j 6 g of \ \\ 

methyl mothacrylate (Aldrich) and GO; ml of ethqnol Are jf 

25 charged to a three-necked tlaslc and hpatprf to 65"C ; 3? 

• i *i i 

under a stream of argon. . 0.15 jg of i r 

azobisisobutyronitriie dissolved, iri 4 ml otf «thyl [ } 



methyl .cetone is then slowly added dropwiai, with 

stirrinq. The mixture is heated to 7ir)°r »nd starred at ] jjj 

30 this temperature for 72 h. After expiry of this time ? jt 

the reacLiun mixture is stirred Into JO.S J ot ^loni2ed \ 

water, whereupon the polymeric product precipitates- [ It 

After filLerixxq off the product, the filter c|:aJce 1« i ?J 

washed v;ith 100 ml of deionized waier to remdve any :> 

35 monomer residuum sLlll present. The product ^s then t ;[ 



i 

J| 
J 

if! 
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i Example la: 

0.05 g of Lhe produce from Example i is shaken j in 20 ml ■ 

of a tost microbial suspension of b'taph^.l nrnccuss ■ 

i aureus. A£Ler a contanf time of 1£ minutoa, |1 ml o£ c 

! 5 the toist microbial suspension 1«: removed, land th« r 
1 i 

\ number of microbes in the tast mixture is determined, j 

] After ftxpiry of this time Otttbhylocouuub j aureus r 

microbes are ua longer detectable. I ? 

* • . j r 

10 Example) lb: , j } 

! U.flh a of the product from Example li is shaken ii.ii 20 ml - 

: : : r 

] of a test microbial suspension of PseLdomonas J 

aeruginosa. After a contact time of 60 miiiuLes, j 1 ml of i 

; the Lest, microbial suspension 1 .s : removed,. jmd the t 

i ! ; • i 

15 number ot microbes in the teot mixture is determined. j 

| After expiry of this" time the numbfer or trn* r.rrjbes has ? 

rftrinrRri from 10 T to 10*. | 

I • ! 

Example 2: j 

20 6 g of 3-ominopropyl vinyl ether |(Aldrlch) r \6 g of 

] hiityl mothacrylate (Aldrich) and 601 ml of cthajnol are ? 

charged to a tltxee-necked flask ajid heated ^o 65°<j 

under * stream of argon. 1 0.15 jg of ? 

; a2obisisobutyrouiLLile dissolved li> 4 mi o3f ethyl \ 

2b methyl Jcetone is then slowly added dropwiBe, with *. 

stirring- The mixture is heaLed Lo 7;0°C and starred at r 

this teuperah)re for 72 h. After expiry of thjis time ^ 

the reaction mixture is stirred intuiO.O 1 uf Unionized ) 

j ■ water, whereupon the polymeric product precipitates. 

30 Af tor f 3 Itcring off the product, the filter Ltike is I 

\ washed with 100 ml bt deionlzod waiter to rompvo any 

j monomer residues still present* The pLuducL is Lhen si 

j ■ \ > 
• dried in vacuo for 24 hours at 50 °r.. ; 

: \ \ i 

35 EjuuopIs 2a: ! 

=c _ j 

1 0.05 g of the product from Example 2 lis shaken iki 20 ml 

■ j ! l 

| of €± LesL micrpbial suspension ipf .Staphylococcus [ 

| anrpii$. Jlfter a contact, time of 15 : minutes, l| ml of \ 

the test: microbidl suspension is ./removed, atari the \ 

\ ' • : •: r 

! ! » 

i ! I 

I .... , I E 
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number of microbes in the test mixture 13 determined. 
After expiry of this time Staphylococcus; aureus 
microbes are no longer detectable- i 



Exatela 2b: 

0.05 g of the product rrom KxampJe ? .Is shaken jin 20 ml 
or a test microbial suspension of Pstjudomonas 
aeruginosa- After a contact time of 60 minutes,; 1 ml of 
tlie test microbial suspension ia . removed/ jand LUe 
number of microbes ia Llie test mixture, i A ;. determined. 
After expiry of this time the numbJer of microbes Luis 
reduced from 10 7 tu 10*. 

i ! 

t 

j 

Excraplo 3: j 

fa g of 3~aminopropyl vinyl ether <Aldrich) , 6 !g of 2- 
diethylaminueLhyl methacrylate (Aldtlch) and fib ml of 
ethano I are charged to a three-nccked flask and heated 



to 



65°0 



under 



sLream of 



argon. 0.15; g or 
azobisisobutyroni trile dissolved iri 4 ml of ethyl 
methyl ketone is then slowly added dropwlse, with 
stirring. The mlvture is. heated to 70°C and.stiirrod at 
thio temperature for 72 L. AJTLer expiry of th|is time 
the reaction mixture is stirred into .0.5 1 of diionixed 
water , v/hereupon the pulymexlc protluct precipitates. 
After tiltfirlng off the product, tiie filter £ake ie 
washed with 100 ml of dieionized water to rembve any 
monomer residues still present- The product is then 
dried in vacuo for 24 hours at 50 °C. 



Example 3a: i 

0.05 y oC the product from KvampiP n 1s shaken ijn 2 0 ml 
of a test microbial suspension of Staphylococcus 
aureus. Aller a contact time ot lb minute*, l! -ml of 
the, tosr. microbial suspension is ! removed/ ajnd the 
number o£ microbes in the test mixture* 1s dptejrmined. 
After expiry of this time the number of microbes has 



reduced from 10 7 to 10' 



i 

i 
i 

i 

! 
t 

i 



I 

ir 



3 



'■I 

! 

I? 



f 

ft 

.Si. 
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Example Jt>: 

0.05 g of: the pzuduct from KXamp I * .1 is shaken i in 20 ml 
or a test microbial suspension ul PSeUdomoha.s 
aeruginosa. After a contact time of 60 minutes,! 1 ml of 
the test, microbial suspension is leuioved, jand the 
number of micrubes in the test ml xjtnre is determined. 
After expiry of this timo the number of microbes lias 



i reduced from lO 7 to 10*, 



j 10 gxample 4; 

| 6 g o£ H-aminopropyl vinyl cthor (Aldrich) , ! G g of [ 

! tcrt-bulyl methaciylale (Aldrich) arid 6U ml of} «thanol 

i ar« r.h^rged to a three-nocked flask i end heated \ to 65°C ^ 

; under a stream of argon. 0.15 g of | a7.nbi.s- 

15 isobutyronl f rile dissolved in A ml of ethyl; methyl v 
ketone :--s then slowly added dropwise, with s£irr1ng. 
| The mixtur* is heated to 70°C and stirred |at this j 

temperature for 72 h. AILei. expiry: of this tjime Che \ 
reaction .mixture is stirred into Q».5 1 of doionizcd 
] 20 water, whereupon the polymeric pjujjduuL precipitates. ? 
I After £liter1ng off the product, tiho filter bake is 

j washed with 100 ml of deioiii^ed waiter Lo remove any f 

j monomer residues «fi 1 1 present.. The product jLs then \ 

• * i *■ 

? dried in vacuo for 24 hours dL 50 6 C. j { 

! 25 j \ 

Example 4a: 

i 0.05 g of the prodnrt from Example 4 |is shaken in 20 ml ^ 

of a l:eat microbial suspension of Staphylococcus 

! aureus. Arter a contact time of 15 minufp^, 4 { ml of 

30 the test microbial ouopenoion is removed/ 4nd the 
number of microbes in the test m1xt;ur« 1« rtpr^rmined. 
After expiry of this time Staphylococcus \ aureus 

S i 

microbes are no longer detectable. ! 

! ! 

) ' i 1 

: 35 Examplw 4b; • 

{ 0.O.S g of the product from Examplo 4 iin shaken ifri 20 ml 

» 

of a tesL* microbial suspension ot Psfti^dnmnnas 
j aeruginosa . After a contact time of 6j0 minutes, \i ml of 

the test, microbial suspension is removed, ainri rhe 

1 • ■ j 

i i 

i ' i 

. i i 
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number of microbes in the teat mixture is determined. 
After expiry of this time the numier of micrjoboc haa 
reduced tram lb 7 to 10*. 



Example 5: 

A nylon 12 film is exposed tor 2 minutes at a {pressure 
Of 1 mfcar to 172 nm radiation from a Heratsuaj excimer 
source. The film activated in this iway is plabed into 
an irradiator under an inert gas end secured- ! Under a 



the film is then | covered 
6 g of 3 aminopropyl vinyl 



counters tream of inert eras 
with ^U.ml of a mixture of 

ether (AJLdrich), 6 u of butyl methacrylate (klririch) 
and 60 cj ot othanol. The irradiation chamber ip sealed 
and pieced at a distance or 10 cm rrom a I H«r*eus 
excimer source emitting at wavelength 3j08 nm. 
Irradiation is begun and continues for lb minu1:os. The 
tilm is th«n removed and rinsed with 30 ml of ethanol. 
The film is then dried Tor 12 hours; at 50 e u in vartuo. 

The film is then extracted in wator for 5 timoa \ 6 hours 

t j 

at 30°C, then dried Tux. 12 hours at 50 n C. . \ 

i 

; 

The reverse side of the film ia Ltjcn treated! in the 
same way, so that the* nylon film finally obtained has 



been coated on both sides with grciJTlekl polymer 



I 



Example 5a: 
^ »■■ ■ ' 

A piece or coated film from Example 



5 (5 x 4| cm) is 



shaken in 30 ml of a test microbial suspeufcluii of 
Staphylococcus aurRiis.. After a contact time | or 15 
minutes, 1 ml of the test microbial suspension i« 

i 

removed and the number of mlr.rohfls in the test [mixture 
is determined. After expiry of this t^ime Staphylococcus 
aureus microbes are no longer detectable. 



Exa mple Ob: 

A piece or coated film from Example! 5 (5 x 4 j cm) is 

shaken ju 30 ml of a test microbial .<m«peniion of 

Psendomonas aeruginosa. After a contact time; of 60 

minutes, 1 ml of the rest microbial suspension is 
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removed and the numbor of microbes in the test} mixture 
is determined. After expiry of this : rime the rjumber of 
microbes has reduced from 10 7 to 10 4 , 

SXctmplo 6: 

A nylon-12 film is exposed for 2 minutes at a [pressure 
of 1 mfcar Co T7? na radiation froni a Ileraeusj exuimer 
source. The film activated in this way 1s placed into 
an irradiator under an inert gao and secured, j Undei a 
countcrotreom of ineiL uas, the film 1 rhpn j covered 
With 20 mi of a mixture of 6 g of 3-ominopropyi vinyl 
ether (Aldrich) , 4 y o£ tert-butyl methkcrylatft 
(Aldricl>) and g of ethanol. The irradiation; chamber 
is aaalsd and placed aL a dis Lance of 10 cmj from a 
Heraeus exclmer soxirce omitting at -wavelength 308 run. 
Irradiation is begun and continues for 15 minutes. The 
film is them removed and rinsed with} 30 ml of ethanol . 
The filn. is then dried fur 12 hours; at 50*C il 



4 



vacuo < 



The film is then extracted in water for 5 times ! 6 houro 



at 30°C, then dried for 12 liuurs al S0°C. 



The revrroe side of the film is Llitm LxeaLed In the 
same way, so that: the nylon film finally obtained has 
beon coated on both sides with grafteki polymer, j 

i 
t 

Example So: 

A piece of coated film from F.xample 6 (-S v 4 cm) 
shaken i.n 3 0 ml of a test microbial suspension 
Staphylococcus aureus. ATIrt a contact time of 



minutes, 1 ml of the test microbial suspension 



removed and the number of m1r:ronp*5? in rhp fpst mixture 
is determined • After expiry of this 4ime Staphylococcus 
aureus microbes are no longer detectable, 

Exa mple ^b: 

A piece of coated film from Example! 6 {5 x 4 ' cm) 10 

shaken in 30 ml of a test microbial suspension of 

Pseuriomonas aeruginosa. After a contact time j . of 60 

minutes, 1 ml of the test microbial suspension is 

1 ' I 
: i 
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removed and the number of microbes .in the lest: mixture 
is determined. After expiry of this r.Jm« the rpmbor of 
microbes Has rArincod from 10 7 to lo 4 . 
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